Background: Proximal humeral fractures are among common types of fractures and remain a challenging issue for surgical management. This study aimed to assess the clinical outcomes and complication rates of three-vs. four-part proximal humeral fractures, treated with internal fixation using the Philos ® plate. Methods: In this cohort study, a total of 30 consecutive patients with three-part or four-part proximal humeral fractures based on the Neer classification were included. Surgical treatment was performed with open reduction and internal fixation using the Philos ® plate. The Constant score was evaluated 6 months later in follow-up. The P<0.05 was considered significant. Results: Four-part fractures were mainly caused by trauma from above, while insults of opposite direction were responsible for more than half of 3 part fractures (P=0.01). Open fractures were only observed in patients with a four-part fracture (P=0.018). No significant differences were noticed regarding gender, cause, and side of the fracture. The presence of other fractures, implant failure, reduction loss, avascular necrosis (AVN) of humeral head, rotator cuff injury, and revision surgery were significantly higher in patients with four-part fractures.
INTRODUCTION
Proximal humeral fractures account for circa 4% of all types of fractures and 26% of fractures of the humeral head (1) . Approximately 13-16% of proximal fractures are multi-fragmented three-and four-part ones (2) . Proximal humeral head fractures are widely considered to be osteoporosis-associated particularly affecting the active elderly as a result of minimal trauma (3) . As a result, these fractures have a substantial negative impact on the quality of life and independence of patients, as well as financial burden on health care systems (4) .
Various surgical techniques have been proposed for fixation of comminuted and displaced proximal humeral fractures with the aim of proper restoration of a painless shoulder fulfilling patient's functional demands. However, these procedures pose difficult management problems and are not free of adverse events. Potential complications include avascular necrosis (AVN) of the humeral head, displaced tuberosity fragments, malunion or non-union, rotator cuff impingement, implant failure, painful frozen shoulder, neu- rovascular problems and arthritis (5,6). The complexity of the fracture, severity of soft tissue injury, patient's age, male sex, preexisting comorbidities and bone density have been reported as influential factors for failure and complication after surgery (7,8).
Locking compression plates have been recently utilized in proximal humeral fracture fixation and gained great popularity. The Proximal Humeral Internal Locking System (Philos ® ) plate has specifically been designed to provide stability in proximal humeral fractures. It can be applied with a minimally invasive method and has screws which are placed in converging and diverging directions (9). Several holes in the proximal part of the plate function as suturing anchors to the rotator cuff. The advantages of this device are early postoperative mobilization and a lower rate of complications (10) .
The purpose of this prospective study was to present a comparison of the clinical outcomes and complication rates of 30 patients with three-vs. four-part proximal humeral fractures, who were treated with internal fixation using the Philos ® plate in our center.
METHODS
In this cohort study, 30 patients with three part or four part proximal humeral fractures based on the Neer classification (11) were included. The patients were treated in Shohada Hospital from September 2012 to June 2014. Inclusion criteria consisted of age between 18 to 80 years and referral within the first 10 days after fracture. Patients with a history of metastatic tumors were excluded. The study was approved by Ethics Committee of Tabriz University of Medical Sciences, and an informed written consent was obtained from each patient before participation.
Surgical treatment was performed with open reduction and internal fixation with the Philos® plate. The degree of bone healing, the range of motion in the shoulder, necrosis of humeral head head, and nerve damage were evaluate 6 months later in follow-up using the Constant score (12) .
Statistical analysis was conducted with IBM SPSS Statistics Software using Wilcoxon signed-rank test and the independent t-test. A P<0.05 was considered significant.
RESULTS
A total of 30 consecutive patients with proximal humeral fractures were treated with the Philos® plate between 2012 and 2014 in our center. The average age of participants was 43.4±14.45 years (mean±SD). Women comprised 40% (N=12) of all patients with the mean age of 45.58±16.05 years, and men made up the remaining 60% (N=18) with the mean age of 41.94±13.58 years.
Demographic characteristics of three-part and four-part fractures regarding gender, side, cause, and closed vs. open type are shown in Table 1 . Four-part fractures were mainly caused by a source of energy in downward direction injuring the shoulder from above, while insults of opposite direction were responsible for more than half of 3 part fractures. This led to a significant difference (P=0.010). Furthermore, none of 3 part fractures resulted in open wounds, while open fractures afflicted 3 out of 11 patients with 4 part fracture. This difference was also significant with a P=0.018. However, regarding gender, cause and side of fracture no significant differences were noticed.
Additionally, accompanying complications were assessed and the results are listed in Table 2 .
The presence of other fractures, implant failure, reduction loss, avascular necrosis (AVN) of humeral head head, rotator cuff injury, along with the necessity of performing revision surgery were significantly higher in patients with 4 part fractures. Nonunion was not observed in any of the patients.
The total average Constant score was 75.63±15.47 (women: 72.67±9.27, men: 77.61±18.51). This score was 81.40±11.61 and 65.09±16.09 for 3-part and 4-part fractures, respectively, which showed a statistically significant difference (P=0.006).
DISCUSSION
Locking plates are a new method with promising results; nonetheless, unsatisfactory outcomes have been reported. In a systematic review of locking plate fixation of proximal humeral head fractures by Sproul et al. which investigated 12 studies including 514 patients the rate of complications were reported as follows: 16% varus malunion, 10% AVN, 6% impingement, and 4% infection. 14% needed reoperation (6).
Gaheer et al. studied 56 patients with three-part or fourpart fractures, who underwent internal fixation surgery using Philos® plate. In one case, screw disengagement from to plate led to revision surgery. Stiffness was observed in 3 patients, which improved with intensive physiotherapy. Similar to our study, only one patient developed superficial wound infection, who responded to oral antibiotic therapy (13) .
Norouzi et al. conducted another comparable study in a teaching hospital in Tehran on 37 patients with 2, 3-and 4-part fractures. The results were in favor of the application of the Philos plate, as this method offered excellent outcomes with low risk of complication; AVN and infection were a notice in only one and two cases, respectively (14) .
Erasmo et al. evaluated eighty-two cases in Italy. Twelve patients required revision surgery, 10 presented with AVN. These findings were higher compared to our study. Furthermore, non-union was noted in 3 patients, which was non-existent in our study (15) . In a similar study by Shadid et al. from England, it was shown that younger age and male gender were factors with a positive effect on the outcome of surgery. Also, the authors claimed that some fragments apparently do not affect the results, which was contrary to our study (2) .
In a long-term follow-up of 64 patients by Hirschmann in Switzerland, the overall outcomes were favorable especially in younger patients and patients undergoing revision surgery, who had a rate of 29%. Older age and requiring revision surgery were mentioned as the most predictive factors yielding undesirable outcome (16) .
Two other reports from early experiences by Moonot et al. and Koukakis et al. have also provided valuable information with almost similar outcomes (9,10). In the study by Moonot et al., it was mentioned that good bone density permits early post-operative mobilization of the upper extremity (9).
One of the shortcomings of our study is that the number of participants was limited and patients in the three-and four-part fracture groups were not matched with regards to their gender, age, and predisposing factors. This fact may have led to bias in the presented results. Also, comparison of the outcomes in internal fixation with Philos ® plate method to other conservative and operative managements can shed light on the differences regarding potential complications in three-vs. four-part proximal humeral fractures and be valuable for clinical decision making.
CONCLUSION
To the best of our knowledge, there is no study on the comparison of 3-and 4-part fractures of the proximal humeral head. Based on our results, it can be concluded that the risk-benefit may not be justifiable for 4-part fractures. However further studies are necessary to investigate this aspect. 
